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i nvent i orwoanoesses t he hydrogenation of aliphatic or ali egalisozdismétriles
to produce 10 di am nes and/or am nonitriles, e.g. adiponitrile to produce
hexanet hyl enedi am ne and/or 6- am nocapronitrile. BACKGROUND OF THE

| NVENTION 15 Dinitriles are common feddsiId&ks to the chem cal,
pharmaceutical, and agrochem cal industries. Through hydrogenation they
can be converted to di anERESROFMENARRBYI| FRIENBLYWARGEESSBe used in or as
pol ymer i nt er medi at es poRU i bAHROCEMA TN M afeftiRrdRd 20 cheni cal
synthesis internediates. As a particular exanple, adiponitrile can be
converted to 6- am nocapronitrile and/ or hexanet hyl enedi am ne by

hydr ogenati on. Hexamet hyl enedt.fﬂﬁeots.rgﬂ Reieeeiate in the production
of Nylon 6,6. 6-Am nocapronitTrte cam 25 pe used as an internediate in the
production of Nyl dfe Prepead finyeat Ies seusasmsplédudivisgogenation

hexanet hyl enegi amip@ N @qeahm@wqr&am@ﬁtqﬁle@dlteoeiﬁdddc% over a reduced
i ron oxide or .cohal't oxide 30 caf §S%st at very hi pressures and

t enper att? es A1AHEEH ?QWQF& EHi -6 &Ssur e
processes ISptrhﬁluhiegfmeedaﬁetwyﬂehl%da@mlm&@hd/mwa’-ed to conduct themon a
comerci al scal.e. An_alt. nat ive |ow pressure process for

hexanet hyl eneHunocr‘?té”‘ﬁornéL réLtr on 35 uses an active nickel catalyst, such as

RaneyTM Ni, which is pronoted by aqueous caustic (an al kali netal

hydr oxi de such as sodi um hw&%@mbom 3.1 MPa (450

psi g) and about 75C. While f ratively m |l der than

t he highl5 Dinitriles are common feedstocks to the chemical,
pharmaceutical, and agrochemical industries. Through

hydrogenation they can be converted to diamines or
aminonitriles, which are used in or as polymer
intermediates, surfactants, chelating agents, and

20 chemical synthesis intermediates. As a particular
example, adiponitrile can be converted to 6-
aminocapronitrile and/or hexamethylenediamine by
hydrogenation. Hexamethylenediamine is an intermediate
in the production of Nylon 6,6. 6-Aminocapronitrile can

25 be used as an intermediate in the production of Nylon
6.

Traditional methods of producing
hexamethylenediamine include hydrogenation of
adiponitrile over a reduced iron oxide or cobalt oxide

30 catalyst at very high pressures and temperatures. One
disadvantage associated with these high-pressure
processes 1s the high cost of the equipment required to
conduct them on a commercial scale. An alternative low
pressure process for hexamethylenediamine production

35 uses an active nickel catalyst, such as Raney™ Ni,
which is promoted by aqueous caustic (an alkali metal ’
hydroxide such as sodium hydroxide) and operates at
about 3.1 MPa (450 psig) and about 75°C. While these

conditions are comparatively milder than the high
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capital expense associated with a commercial scale plant, they are

det erred WQ o2logssnecessity of using caustic to 5 maintain earaisyziedactivity,
whi ch conplicates refining and poses waste handling and potenti al
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organi ¢ conpAdooeRs s FR Hamtsing R} Pt S hhkr envssppeaesahre, al so,

undesir abl e begalishs  heys necessihgi e, r&syohh NeydA8didbe vegepf, addi ti onal
refining equi pnent, which increase capital, é cost._ 20 US Patept No.

5,900, 511 CoERels be A HIRRIED i r BN PR HPR L e AR RYEFBGRNAYRd to

hexamet hyl engsltledd nes adiskewplé Dhadll ¥pbS=al) neieaEh ohs t ehlrerohmeht®l pyesence of
a spong Ocobal cat %¥st in a reaction mediumthat is substantially free
of causti'c. VWt T&°tHi s process does operate at relatively low pressure
and avoi ds the ustond caustrcial tprocksisde Ldesheadhethyl devdl@piae process

T I s L L g
i nvention i Nh caprabests Whh convelYemy- al VphiEe cwakenl i 8gEVeRts drhetril es
to di am nes gk &ptiONAl #YorRMMOBhY ] +b8Re32 B Soi Rt @O IEY] € tO
hexanEtQ%lqugégggge£ﬁg§jmay result in volatile organic compound
emissions (VOCs) to the atmosphere. Solvents are,
also, undesirable because they necesgitate recycling
and the use of additional refining equipment, which
increase capital cost.
20 US Patent No. 5,900,511 concerns a process
where adiponitrile is hydrogenated to
hexamethylenediamine and optionally 6-aminocapronitrile
in the presence of a sponge cobalt catalyst in a
reaction medium that is substantially free of caustic.
25 While this process does operate at relatively low
pressure and avoids the use of caustic, it would be
desirable to develop a process with an even longer
catalyst lifetime and corresponding increased catalyst
productivity.
30
SUMMARY OF THE INVENTION

In its first aspect the present invention is a
process for converting aliphatic or alicyclic
dinitriles to diamines and optionally aminonitriles

35 e.g. adiponitrile to hexamethylenediamine and
optionally 6-aminocapronitrile, comprising forming a
reaction mixture that comprises: (1) an aliphatic or
alicyclic dinitrile e.g. adiponitrile; (2) hydrogen;

(3) a catalyst comprising a Group VIII element; and (4)



optionally 6-am nocapronitrile, conprising formng a reaction mxture that
conprises: (1) an aliphatic or alicyclic dinitrile e.g. adiponitrile; (2)
hydr ogen; wo(3po@é6xat al yst conprising a G oup VIII el enent pcarubot/4374 2 WO
02/ 096862 PCT/ US02/ 16374 one or nore nodifiers selected fromthe group of

conpounds cor&gi;stdxngn&fe G o arey M&éﬂﬁnfb&%%@%?uﬂl@ﬂ ernary ot
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the process i f { ﬁﬁw ! t.ur uffjcient to
convert a% Iefzts]%%rff)%;&go |toe?imoa?!yte € ﬁrﬁ%#ﬁ%&g}%%ﬁshea%%d optionally
an ani noni t riquataInaNs awsendaggeacy arieldsw errddrrdactal g atiessird or
converting aldphatinG rf 1&dLWHAE Liniat ridies. 0 A afe nespnd qpyional Iy
amnonitriles_e.g. adiponitrile 15 to hexanet hyl enedi am ne and optionally
6- ami nocapr MY S icofFiSiThFomrIqsfy & aItewed at 2

el ement - cont giriga@irey D elaid < i e | S F W idhtOe Uonwaxe JWdidd s

selected, from the group ,of .conpounds, ., consi stj.ng .of quaternar ni um
vl oxt B8, 70 FRELSPhary SRreH iy o Ml dy SRRy
fluorides, quatemaonighodighoni um hydroxides, and quaternary ammonium
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conprising (1) an aliphatic or aricyclic dirnitri e.’g. . ponitrile;
(2) hydr ogen;fq3comydintiey edilahadtic @l alophidnal Idigidriges dro nore

modi fiers selBehBGhdd AN Rt iRUA O fanfYRAUIdS LONSIS!T 106 Rfn qUatRS nary
anmoni um _hydr oxi des, quater nary ammoni um cyani des, quaternary ammoni um

fluoridet® qir& ISHIFSHIAIRTRy ek i<l onsd lah quat er nary anmoni um
t hi ocyani des anfiaiodaf@agtiitan 1dY Xonir iGHAidma dessy tharcqupl virol ar ratio
of element-containing hydrogenation catalyst with one or

more modifiers selected from the group of compounds

consisting of gquaternary ammonium hydroxides,

20 quaternary ammonium cyanides, quaternary ammonium
fluorides, gquaternary phosphonium hydroxides, and
quaternary ammonium thiocyanides to form a modified
catalyst; and forming a reaction mixture comprising
(1) an aliphatic or alicyclic dinitrile e.g.

25 adiponitrile; (2) hydrogen; (3) modified catalyst; and
optionally (4) one or more modifiers selected from the
group of compounds consisting of quaternary ammonium
hydroxides, quaternary ammonium:cyanides, quaternary
ammonium fluorides, quaternary phosphonium hydroxides,

30 and gquaternary ammonium thiocyanides; said reaction
mixture containing less than a 1:1 molar ratio of
solvent to dinitrile; wherein the process is performed
at a pressure and temperature sufficient to convert at
least a portion of the dinitrile to a diamine and

35 optionally an aminonitrile.

The use of the modifiers to maintain and/or
improve the activity, selectivity and lifetime of the

catalyst in the absence of large concentrations of



solvent to dinitrile; wherein the process is performed at a pressure and
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ic du al and was
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hydrogenation, hexamethyleneimine and

bis (hexamethylene)triamine are unwanted byproducts.

The use of modifiers such as quaternary ammonium

20 hydroxide, cyanide, fluoride or thiocyanide salts, or
guaternary phosphonium hydroxide salts is advantageous
over the use of caustic due to environmental and waste
disposal concerns. The modifiers of the present
invention can be used instead of sodium hydroxide even

25 in existing commercial facilities. Because the
modifiers decompose to simple organic materials, under
refining conditions they do not pose the waste handling
and environmental concerns experienced with caustic.
Specifically, these salts or the products of their

30 decomposgition may be incinerated similarly to any
process organic waste stream. Unlike sodium hydroxide,
the commonly used caustic, the modifiers of the present
invention will not build-up in the incinerator
firebricks, nor will they require disposal via deep-

35 wells. While this invention doesg not exclude the use
of caustic, an environmental benefit will be garnered
by avoiding its use.

Suitable aliphatic or alicyclic dinitriles, for

use herein, have the general formula R(CN)., wherein R



30 deconposition may be incinerated simlarly to any process organic waste
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preferred 209dpPuabtril e is adlponltrlle The catalyst in the process is a

hydr ogenat i on Cab%b%@&e%UbEthgt%%&ehﬁghgﬂ%ﬂﬁkbngnélﬁaglt%hkeak% a
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based ontTr oBFtVEEMIEREMERY s 295PPREFEAILRG MESHY LOSHEPECRALERER; 1 hodi um

pal | adi um succinonitrile; glutaronitrile; alpha, omega-
heptanedinitrile; alpha, omega-octanedinitrile, alpha,
omega-decanedinitrile, alpha, omega-dodecanedinitrile;
and combinations of two or more thereof. The preferred

20 dinitrile is adiponitrile.

The catalyst in the process is a hydrogenation
catalyst suitable for hydrogenating a dinitrile to a l
diamine or a mixture of diamine and aminonitrile.
Preferred are catalysts based on Group VIII elements

25 including iron, cobalt, nickel, rhodium, palladium,
ruthenium and combinations thereof. The catalyst may
also contain one or more promoters in addition to the
Group VIII elements mentioned above, for example, one
or more Group VIB elements such as chromium,

30 molybdenum, and tungsten and/or one or more Group VIII
elements such as iron, cobalt, nickel, ruthenium,
rhodium, palladium, and others. The promoters may be
present in concentrations 0.01 to 15 percent based on
the weight of the catalyst, preferably from 0.5 to 5

35 percent. The catalyst can also be in the form of an
alloy, including a solid solution of two or more
metals, or an individual metal or a sponge metal
catalyst. A “sponge metal” is one, which has an

extended porous “skeleton” or “sponge-like” structure,



rut heni um and conbi nati ons thereof. The catalyst nay also contain one or
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Chemi cal CD'also includes from about 2 to 15 weight% aluminum, more
preferably from about 4 to 10 weight% aluminum.
Commercially available catalysts of the sponge type are

20 promoted or unpromoted Raney® Ni or Raney® Co catalysts
that can be obtained from the Grace Chemical Co.
(Columbia, Maryland), or alternative sponge metal
catalysts available, for example, from Activated Metals
Corporation (Sevierville, Tenn.) or Degussa

25 (Parsippany, N.J.). Sponge metal catalysts can be
produced by the method described in U.S. Patent
No.1,628,190. Promoted sponge catalysts can be
produced by the method described in PCT Application No.
W0200067903 or EPO Application No. 212,986.

30 While the degree of beneficial effects of this
invention may vary with the structure of the dinitrile
and the identity of the Group VIII metal or metals
incorporated in the catalyst, it is important to
realize that even small improvements in selectivity can

35 have large economic impact for large-scale industrial
processes.

The catalytic metal can also be supported on an
inorganic support such as alumina, magnesium oxide, and

combinations thereof. The metal can be supported on an
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The molar ratio of catalyst to dinitrile can be
any ratio as long as the ratio can catalyze the
selective hydrogenation of a dinitrile. The weight
ratio of catalyst to dinitrile is generally in the

20 range of from about 0.0001:1 to about 1:1, preferably
about 0.001:1 to about 0.5:1. If the catalytic element
ig supported on an inorganic support or is a portion of
alloy or solid solution, the catalytic element is
generally present in the range of from about 0.1 to

25 about 60 and preferably about 1 to about 50 weight
percent, based on the total catalyst weight.

The modifiers of the present invention are
gselected from quaternary ammonium hydroxide, quaternary
ammonium cyanide, guaternary ammonium fluo:ide,

30 qguaternary ammonium thiocyanides, or quarternary
phosphonium hydroxide. More than one modifier may be
used in the reaction. Specific examples of suitable
modifiers are tetramethylammonium hydroxide,
tetrabutylammonium cyanide, tetraethylammonium

35 fluoride, tetrabutylammonium thiocyanide and
tetrabutylphosphonium hydroxide. Preferred modifiers
are quaternary ammonium hydroxides. Preferred
quaternary ammonium hydroxides are tetraalkylammonium

hydroxide compounds. Examples of suitable
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tetrapropyl a iyu rQxl d e a i i,de. It should
be not ed tha?gq@gr {Elgtr}ééqh reg;%g%r%f (‘)Arart%tél ?&?%6%57 gr g)%arpr?p@%g/,r%él

t et ranet hyl aRméniipm HypdokiSde pséat ahy dratte praferriedc neded ofi t hin t he

meani ng of t elj-aalkyWramnipin-dudnexide g deaal kyRhespheni um

hydr oxi de. 10 The hydrogenat.ion reaction can be conducted 50- 150C,
preferablty 763636 dfd 2 cPntipgonsyvst ieyss Foo¢ 15SichPn JCATRIr &&s@ e with
hydrogen, prefieragl pubA e cB18nMPaeE3®Gr5I@ReR)gbr bnpaupr eflexs ed nmode of

reactor (PFR), or a trickle bed reactor. An example of
a bubble column reactor, which is not confined to this
reaction, has been described in U.S. Pat. No 4,429,159.

20 Descriptions of plug flow and continuous stirred tank
reactors have been delineated in the book entitled,
“Chemical Reaction Engineering” written by Octave
Levenspiel. The preference for reactor is not meant to
limit the invention, which can also be conducted in

25 Dbatch mode.

The process can be operated substantially in the

absence of solvent. The expression “substantially in
the absence of solvent” refers to an amount less than a
1:1 molar ratio of solvent to dinitrile. Preferably,

30 the process is operated with no solvent. For the
purposes of this patent, a solvent is defined as a
substance, other than water, which is added to a
reaction mixture and serves to solvate one or more
reaction components, increases the volume of the

35 reaction mixture, provides a medium for transferring
(or removing) the heat of reaction, is not a product of
the reaction and is either not incorporated in the
final product or does not alter the properties of the

final product. While not comprehensive, a list of



operation the process is conducted on a continuous 15 basis in a continuous
stirred tank reactor (CSTR) or a slurry bubble colum reactor (SBCR) or a
pl ug fl oworeastsez (PFR), or a trickle bed reactor. An exagpltsowie37a bubbl e
colum reactor, which is not confined to this reaction, has been descri bed

in US. Pat. sNQvén%%9ih59ud%@ B%&@hhﬁti@ﬁin@% plsu@H ls@w and conti nuous
stlrred t ank rs .have ellnea ed in e book entitl ed,

" Cheni cal ReEEP gﬁy%ﬁﬁPﬁgerﬁ |Vt§Hc§y gﬁ%ﬁ L The

pr ef erence fpmopeaoﬂoraM§.butamaantet@eﬁ8|nsMcthSIMEemBMmeoﬂmnam.can al so

be conducteday B3 Batel mndacoThe prOGIRCAL e gocaLed, bstantial Iy in

the absence of solvent € expression tanti a Iy in e absence of
sol vent" ref Beshydpamoddsinonees snchastaersy: Bughl a8 eahyd eceselbeent to
dinitrile. ngﬁeagggx gdgggtgrocess is operated with no solvent. For the
pur poses of this a . Solvent is defined as_a ,substance, other than
water, which is a dmpglgleFééégiéﬁnﬁF%ﬂ&Pe“ﬁﬁd bge APELOCHCEH F&t & one or

nor e reacti@@aeeﬁmon@hh%h b@&taa&gschhaly@kunae@brbh@1§5o&ea@tbon m xture,
provi des nediunlfﬁr transferrlng. gpr %h %) t.he .heat of reaction, is
not a pfbducprgplXF SPEHEEPn SREHP a&#?h&? of" FHEBERS af®d in the final
product or dewgnpofitalifler, whéepr, opesbilesntf oirhenyf coabipeddwct . Wil e not

Compr ehensi Venc LSt Ghe nfias V0020000862 AGLLUSO2L103 1S hyan <

i ncl udes ammoni a; am nes, SUCh as ohol’s,” such a
met hanol , etﬁ@ndﬂnltﬁﬂéﬁaﬁ§pm énéoﬁﬁtéﬁoﬂ 5@bh@ﬁ§fe§@@ﬂya§rpﬁtrahydrofuran
5 and dioxanq -ahdes, 15@@h di et hyl acetam de and N net hyl pyrolidi none; and

esters, such as ethyl gtate and di et hyl adi pate. The nodifier and
dinitril® my be FHFr@&G 88 o6 giapdzngt 6RO/ QR eRLRERLATAL ScataPyst

separately ohe&amadthylenediamine and/or 6-aminocapronitrile, depend
on operating conditions including temperature,
pressure, hydrogen flow rate, amount and kind of
catalyst, amount of modifier, space velocity and the
20 1like. For the purpose of this invention, the term
“space velocity” is defined as the unit weight of
dinitrile fed into the reactor per hour, per unit
weight of the catalyst. Typically, the dinitrile
should be added to the reactor such that the space
25 velocity of the dinitrile is within the range of 0.5 to
50 h™'. Most preferred space velocities may be readily
determined by those skilled in the art using
conventional techniques. When the rate of dinitrile
addition is below or above the herein stated space
30 velocities, the selectivity and yield of the desired
compound (s) diminish drastically, resulting in lower
catalyst activity and shortened life of the catalyst.
While not meant to limit the invention by any
theory, it is posgsible that the modifier reacts with
35 the metallic element (s) of the catalyst forming a
modifier metal complex. The resulting complex may
contain the Group VIII element in its metallic state or
perhaps in an oxidized state. The reaction of modifier

with the catalytic element may be irreversible but more



10 prem xed solution, optionally with a diamne, an amnonitrile, water, a
sol vent or any conbination thereof. The nodifier can be added in a wei ght
rati o towoioniogasst e from 1: 5000 to 1:50, preferably from PCTAGOD14304 1: 500.
15 The yields of diamne and/or amnonitrile, e.g. hexanethylenedi am ne

and/ or 6-an NegapLonkt Li lr@ve%a%n@ Qi 2R B AN GeERAdidH .ONgHeNCl udi ng

t enperat ure, im@ressure dro en flg rate, ngrnt %gg ki nd of %atalyst

anount of nod FE?Ct%BQCE H&*t He t80 bRtk §2RoY Sth B2 uPEESEE of this

i nvention, thaeteeactt QﬂBQEOEEEQQIbﬁtaﬂ?sﬂQfB@@@r&SstﬁECbmﬁbrWEIght of

dinitrile.fed_ into reacto 0 r It t t he catal yst.
P chulhnet FphReKBrRt s o, PRy AolEeR Re

Typi cal |y, “shod reactor suc t hat the
space 25 vel édifepioe Dﬁethencatﬁﬂ68¢s within the range of 0.5 to 50 h"l.

Most preferred spage &ska&g%&e%n@amogﬁfQQQdng.b@e%%b%&%%@ley those skilled

in the art using _conventi techni ques. When the rate of “dinitrile
addition is 5§F§®d§P6§b69§otﬁ@nﬁéF§|Wl§ﬁa§é@l§§&é§ 3GOVEVEEIt itES t he

selectivity @aeayy@kdmagf b@epd@@bheact@ammd(t&)e dodimish .dr ggtiiccal |y,
resultin |n Io catal a]%ctlwty and sEﬁTtened I&fe of t he catal yst.

Wiile n 8 APRe 1 e RLFER LS & i ¢ possi bl e that
t he nndifleraneahbi wetherSSebhernebahbmﬂaeleﬂnmtmﬁmn@klbhs odt alwst

formng a ﬁDdlfhgre eo%npa??ngggggesuI%}n r%%g%k%étqgg %ogtgln t he

G oup VIl el’enen t§ met or rrAaps i'n an-oxi dlze8 state.
The reactioncatrmedlbuerlnwmhﬁ pﬁesgapalpﬁuhyék@mémt nﬁ@nb@ctanVQﬁsible

but nore %heV\QaQ%/l@%@SQﬂdPﬁde%Q%/rlQ%Zfauc@ kel }{Jr‘e%r%a'i:%\ﬁer sible

eqU|I|br|un1react|on interaction of the nodifier wth the catalyst
may altek> tRatpéxeti-vi F@eopr@ﬁéeééﬁé V§Fa1§l§’|’§pF@§s bee ¥aHd&y 5 tinene

ol i goner for gativeAtand sthekeby abb&kgagpeclfleably under anaerobic
conditions to produce a modifier-treated catalyst.
The contacting of the catalyst and modifier can be
carried out under any conditions effective to produce a
20 modifier-treated catalyst that can improve selective
hydrogenation of a dinitrile to a diamine and/or
aminonitrile, e.g. adiponitrile to hexamethylenediamine
and/or 6-aminocapronitrile. Generally, the entire
process for producing the modifier-treated catalyst can
25 be carried out by contacting a catalyst with a modifier
disclosed above at a temperature in the range of from
about 20°C to about 150°C, preferably about 30°C to
about 100°C, under the same general pressures as
described earlier, for about 5 seconds to about 25
30 hours. The weight ratio of modifier to catalyst in the
pre-contacting procedure generally ranges from about
0.01:1 to about 5:1, preferably from about 0.05:1 to
about 3:1, more preferably from about 0.1:1 to about
2:1, and especially from about 0.25:1 to about 1:1.
35 Hydrogen can be delivered to the reaction mixture
as gas, preferably pure hydrogen. The hydrogen should
be delivered at a rate that will maintain hydrogen in

molar excess relative to the dinitrile.

- 10 -



lifetime of the catalyst. The catal yst and nodifier can be separately
introduced into contact with dinitrile; however, the catalyst may be
precont acved2mddshe t he nodi fier. This 10 may be done in wRCEUSANK34 a
sol vent such as an al cohol, ether, ester, anmonia, or conbinations of two

or nore thereof. Rueker ally nd heidEENLaE! 1RG deDrala30 4 GR¥iIGHRd out in the
presence of hydrogen. Contacti n% he catal yst and nodi fier _produces a

fot
pretreated 15a&dCatysAinia idcet rr?é’&t dd 10808 & Ican FOREIORSHY RTa

sol vent di scla@sdéhtabare apreferdllas wadeaiaradokiaealeetdi tions to produce
a nodifier-treated.catal yst... The contact.ing of, the .catalyst a difier
Can be | cor r FERSGUA er LA GDRIRE O STt oA o PP dic oo

nodi fier-tre&edheatralaysiort ladt acarlighr o iseltecdivg thyidreodewat i on of a
dini trile 0.3, Goaighe andl.aio ARGy Eo0addiRAG L0
hexanet hyl enedi'ani’'ne = and/or 6-ami nocapronitrile. Géneral Iy, the entire
process for PeFdecisnG e impdiln ertedyste sedgCaiydttvoartifs B&Scarri ed out

by contacti ngcgi¢atkgl.ystprarthd180dif isgfa1 1disehosed rakav@tdle agt enperature
in the range of from ggout 20C to agbout 150C, preferably abqut 30C to

about 100¢ Ghder tRe t&EnEegEhdrR MErédtsr 85 &8 beIInPEEG S4r thEr, for
about 5 secor@sictdoabawt eXbedld keusdystheife ghid raigrovef dcamdilfiser to

001: 1 0 anSUEATY pr Brdr &y F O aboal O 0S TS ZbguT s oty e
preferably fitédm sbyitrodment aflo bepeft ts2 thatardnedpeciealiviedf fewmabout 0. 25: 1
L0 20wt b 1538 Mydeagsnncan pe delversd (o the fncton mature, 55 92
will rmaifatain hydﬁ@@éﬁnﬁnanﬁdFéTaé%@@@étﬁéﬂﬁbi@egbo the dinitrile. 10 WO
02/ 096862 PCE%Q%Q%&%@@Eﬁedméhﬁhec%&dp%xa@d%ﬂdb%c%@&c&ﬁ%ﬁﬁgk,ahaﬁ wei ght
recovered from the reaction products by typical
purification procedures such as recrystallization or
preferably, distillation. The unreacted dinitrile can
20 be sent back to the hydrogenation reactor to obtain
additional diamine and/or aminonitrile.
In performing the process according to the
invention one obtains the advantages of increased
catalyst lifetime, improved selectivity to diamine
25 and/or aminonitrile, and decreased yield to byproducts,
especially amine coupling byproducts, compared to
operating a process in the absence of catalyst
modifiers. Additionally, one gains an environmental
advantage in terms of disposal compared to a process

30 operating with caustic sodium hydroxide.

EXAMPLES

Example 1
35
Batch hydrogenation with Raney® Ni 2400 in the presence

of tetramethylammonium hydroxide pentahydrate.

To a 300-cc tank reactor were added 6.01g of Raney
40 Ni 2400 slurry (~3.0 g dry weight), 3.0 g water, 90.0 g

- 11 -



ratio to dinitrile from 1:10000 to 1:3, continuously or at intermttent
periods to maintain catalyst 5 selectivity, life and activity. Caustic can
be added wDm®mwa862 eactor at a weight ratio to dinitrile fPomUsh2/4d3@4 000 to
1: 100, continuously or at intermttent periods to maintain catalyst

sel ectivity, h%k%%e%ﬂ 1caekl ki Yie Rﬁﬁb@ra%byo 8 %@&bbnﬁ%QHQ% Qhpggystic is
10 added to the reaction m xture at_the beginning reaction to

ext end catal?gé pl?84aﬁdOﬁnﬁ?@%ém€épgﬂ??monééﬂlFV??O of caustic will

under mi ne topsafehexdt-ant, bhe @nrutgnWEMnab)benehet&ehb&brcaasbe derived
from thi |nvent|on r _am non

hexanet hyl enBEFEFnd S%dpﬁFr€g§H138gaBFgﬁﬁPF| Eesggﬁ S@r 1&8EFer ed from the

reaction produet sebytoypiwesl thepor plirgatli entpr byddtoges .sddheasthe
recrystal lizabienqeh gaﬁigeraﬁgyreqbﬁg&'hag'ngszgﬁigaaeﬁgde% dgnitrile can

20 be sent b ogenation reactor i ti'onal diam ne
and/ or ani noMPer (R, PEAY eWﬂﬁhnﬁﬁérPEénpﬁ@de§§a§@éoﬁ@|ﬁé €o wiaklej nvention

one obtains bla@ngdmahag_@%aqﬁ}ﬂ Bereasadatcatal yeh .| ubehi FeachipHOvVed
selectivity %g@dlanln 25 and/or am nonjtriie, and décreased yiéld to

bypr oduct$, pE@PEFF?naﬁFWBeEBEBFFmgtB?pFS&GEP§ WeSnpEFESUESZSEper ating a
process in the ahasnmeaof(s0at pkysd hyﬁdbgeﬁrandAddukreaabhylsooeRQMIns an

environnenta% advan%a%e hn tgrng . of d|§Ros R.7%0 are to a, gaocess 30
operating wi tR ESUEEFESsSEPURTRYAFSR de: LE Snpite PY9859EE  ch
hydr ogenat i onpekke Rahep(ph Ri0%2406vemstihse) pfesmnael afi teet hadebhghamoni um
hydr oxi de pepLahydrate,,Loqao3d0uee /Lank (seds 300898, 04900f Raney
40 Ni 2400 s urry % § g 8r %{& 8 mgtl?ﬁ g& *
15 min, a llqul sample was w1thdrawn from the reactor by
means of a dip tube. A sample was prepared with
diethylacetamide (DEAC) as an internal standard and was
analyzed by gas chromatography. The sample comprised
90.6% HMD, 0.2% 6-aminocapronitrile (ACN), 0.01%
20 hexamethyleneimine (HMI), 0.11%
bis (hexamethylene)triamine (BHMT) by weight; the ADN

conversion was at 100%.

Comparative Example A

25
Batch hydrogenation with Raney® Ni 2400 in the absence

of tetramethylammonium hydroxide pentahydrate.

Example 1 was repeated except no TMAHP wasg added
30 to the reactor.
To a 300-cc tank reactor were added 6.04 g of
Raney Ni 2400 slurry (~3.0 g dry weight), 3.01 g water,
90.03 g hexamethylenediamine (HMD), and 60.00 g
adiponitrile (ADN). The reactor was purged with
35 nitrogen and pressure tested for leaks. The reactor
was then purged with hydrogen. After the hydrogen
purge, the reactor was pressurized to ~0.28 MPa (40
psig) with hydrogen and heated to 75°C, while being

mechanically stirred at 250 RPM. The reactor was then

- 12 -



WO 02/ 096862 PCT/ US02/ 16374 hexanet hyl enedi am ne (HVD), 60.0 g

adi ponitrile (ADN), and 0.204 g of tetranethylamoni um hydroxi de

pent ahydreiDe2/0%86% purity (TMAHP). The reactor was 5 purge@CrUsSh2/n3r4 ogen
and pressure tested for |eaks. The reactor was then purged wi th hydrogen.
After the hydragenipulIeo %hq5rﬁ@atg@owa§89@@S%H&mz%§d&%gE%:%%d MPa (40
psig) with hydrogen and heated to 75C, while _being nechanically stirred at
250 RPM Upofiti&a€hi A§ 10°0nBPMeket COAMEESSe tRCUrE2tHO -eadt'sr ~ was
pressurized ihet3ad5riPe 6500yAETbgEnhydtegen faath st i-nddeat 1500 RPM to

commence the_reaction. The initi rat.e of draogen . ta t hr h 20%
conver si on) froma°ts i"BEr Oh@é%og%ﬁ/"?gsce)(r?\/gi%r p\fg?nﬁ 29 Iré%éc%rﬁ r?%l(#g 96
psi/min). Aftén,420lifudidnsaaplequiee sdimbiderawas fwioih dihawr slaiceiort By r eact or
by means of mgagllspotfugediﬁdgr@lggl_edgp%g%qga%g #ligg}argldemxlhacet anm de

(DEAC) as an internal stan and was “anal yze sgas chr omat ogr aphy. The
sanmpl e conpr Féeghydecewpmibe (D23 8- ami Récdpiermedi IséanteNy amdo Ws20
hexamet hyl enghai peclHM,) ga8. L% mbiksbhaxayet My palidlicaticip(iBMT) by

wei ght; the ADN ?%onvg?s?og was at 180%bﬁgrrparative Ex e A 25 Batch
hydr ogenst i of%wilth EMRneP( r'FARN: 2480 1itn S RBLRRSEREEP 16 1lgt (&R hy| armoni um
hydr oxi de pegtgkydmat end BxaspbBeEMT wgs wedpgatl;edhexoem comvEMaHeiwas added
30 to the reactor.9 gg a 300-cc tank reactor were added 6.04 g of Raney N
2400 slurry 25 6°g3dry weight), 3.01 g water, 90.03 g

hexanet hyl enedi am ne (HVD), and 60.00 g adiponitrile (ADN). The reactor
was purged with 35 nitrogen and pre 1ested for |eaks. The reactor was
then purged with hydrogen. After th% purge, the reactor was

pressuri%ed to -0.28 MPa (40 psig) with hydrogen and heated to 75C, while
bei ng Batch hydrogenation with Raney® Ni 2400 in the presence

of tetrabutylammonium cyanide.

To a 300-cc tank reactor were added 6.04 g of

20 Raney Ni 2400 slurry (~3.0 g dry weight), 3.25 g water,
90.0 g hexamethylenediamine (HMD), 60.04 g adiponitrile
(ADN) and 0.298 g tetrabutylammonium cyanide, 95%
purity. The reactor was purged with nitrogen and
pressure tested for leaks. The reactor was then purged

25 with hydrogen. After the hydrogen purge, the reactor
was pressurized to ~0.28 MPa (40 psig) with hydrogen
and heated to 75°C while being mechanically stirred at
250 RPM. The reactor was then pressurized to 3.45 MPa
(500 psig) with hydrogen and stirred at 1500 RPM to

30 commence the reaction. The initial rate of hydrogen
uptake from a l-liter reservoir was 0.020 MPa/min (2.94
psi/min) . After 1245 min a liquid sample was withdrawn
from the reactor by means of a dip tube. A sample was
prepared with diethylacetamide (DEAC) as an internal

35 standard and was analyzed by gas chromatography. The
sample comprised 81.31% HMD, 0.13% ADN, 4.24% 6-
aminocapronitrile (ACN), 0.2% HMI and 0.7% BHMT; the

ADN conversion was at 99.67%.
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mechanically stirred at 250 RPM The reactor was then - 12 WO 02/ 096862
PCT/ US02/ 16374 pressurized to 3.45 MPa (500 psig) with hydrogen and
stirred awO120%8RPM t 0 conmence the reaction. The initi alPcraise2/of37hydr ogen
uptake froma 1-liter 5 reservoir was 0.053 MPa/min (7.75 psi/mn). After
527 mn, a liquid sanple was w t hdegumofilom t he reactor by neans of a dip
tube. A sanple was prepared with drérh§$atétanide (DEAC) as an internal
standard and was anal yzed by gas chromatography. The sanple conprised 10
64. 1% HVD, Oa¥ABNhylkol¥nGtamnnedap Ransyi® ei( AGND, in3.té% HMesante3. 1%
BHMT by W?Ight the ADN co verslon S 99.396 E aqu 2 15 Batch

hydr ogenati on with Raney( t et rabut yl anmoni um
cyanide. To a 300-cc tank reactor were added 6. 04 of 20 Raney Ni 2400
slurry (-3.0 g drywei ). 3 g r h di am ne
(HVMD), 60.04 g adlpgﬁ]??P & %%ﬁ)rﬂgg% - g%Qe ngga %??Paﬁtgﬁ?un1cyanlde
95% purity. R$ﬁ§YrQac?éﬂomééuéﬁwgéd3w@tﬁ ﬁﬁWf@@éﬂhéﬁd 3pPess wederest ed f or

| eaks. The r@@Cbog PagahdehyRuhged 283 ne td@xmdr@@er@ Ahlgabddie Aydr ogen
purge, the react was presSsurized to - iﬂm 8§| wi t h hydrogen

and heat®d t JAPH ﬁﬁﬂi@ BQIH@ ﬁgcﬁﬁﬁFéﬁng G98PM  The react or

was then presgdi-ezed be3phrilha (TERE0Q .paing) r\aawtohydzb@g@lmr@@di siiithy ed at
1500 RPM to 30, commence the reacti

t f hydro t ak
froma 111t BREFoUBRyBRF WEees s 2RBEr ot 15hkee; | At PEAFLSF 1248 min
a liquid sanpke wasnwpulrdeawwithr tuydiriogemsac Adit eyy timeahydafogendi p t ube. A
sanpl e was B'[l% ar egp\éﬂz%a@%%&hwa%‘?"fﬂ%@s%l(z%'“@o a3 % MpLermg 35

standard and "wa éna as chromat ogra I'e conprlsed
81. 31% H\VD, @519%) hy§4@g@n and heated to 75 °c whlle eing

mechanically stirred at 250 RPM. The reactor was then

pressurized to 3.45 MPa (500 psig) with hydrogen and
stirred at 1000 RPM to commence the reaction. The
initial rate of hydrogen uptake from a l-liter

20 reservoir was 0.034 MPa/min (4.91 psig/min). After
1253 min a liquid sample was withdrawn from the reactor
via a dip tube. At the completion of the run, a liquid
sample was withdrawn from the reactor by means of a dip
tube. A sample was prepared with diethylacetamide

25 (DEAC) ag an internal standard and was analyzed by gas
chromatography. The sample comprised 90.74% HMD, 0.00%
ADN, and 0.00% 6-aminocapronitrile (ACN), 0.3% HMI and
1.1% BHMT by weight; the ADN conversion was 100%.

30 Examgle 4

Batch hydrogenation with Co/alumina in the presence of

tetramethylammonium hydroxide pentahydrate.

35 To a 300 cc tank reactor were added 6.0 grams of
0.6% Ru-promoted Co/Al,0; catalyst, 13.0 g water, 90.0
g hexamethylenediamine (HMD) 0.20 g of
tetramethylammonium hydroxide pentahydrate 97% (TMAH)
and 60.0g adiponitrile (ADN). The reactor was purged

40 with nitrogen and pressure tested for leaks. The

- 14 -



am nocapronitrile (ACN, 0.2% HM and 0. 7% BHMI;, the ADN conversion was at
99.67% - 13 WD 02/096862 PCT/ US02/ 16374 Exanple 3 Batch hydrogenati on
wi t h Raney(Orop/odi862400 in the presence 5 of tetraethyl ammpairarsoi/iaios i de To
a 300-cc tank reactor were added 6.02 g of Raney Ni 2400 slurry (-3.0 g
dry weight), r%a@%i(%r"‘@%%r the%oggr%e@em%t Md%%%a”h%%e@"@le 60.0 g

adi ponitrile of tetraethylanmmoni um fl uori de hydrate,
98% purity (?EA'{F-’Pge’Fh§uF@§et 5@%§aﬁﬁp§eﬂ’a\ﬁ PReSFUEAESen tand4Pr 88dar e

Lezted for | gaks h %H@o@%@Cbﬁﬂ heasetihen p@rg@d Mh%hggﬂéiﬂgezo fgter t?e ]
ydrogen _ pur act pressur prig) wt
hydr ogen %nd"‘%&%&&cﬁgﬁ%é%ﬁrleé Bé&i 23% #é@h %‘%&gﬁ y 86 Y HeEd at 250 RPM
The reactor wescthen tpmpesatized the3drébcWBar (BB0ppeisglnized hydrogen and

stirred at 1%%% Bgfb(lgﬁ ngggggglcgntdh%tﬁQ %ﬁ l%/gaﬁ Rlppll Eil aI anﬁJe'E gf hydr ogen

upt ake from Servolr was 5|g mn). After
1253 min a | thei gesapra .wafhwi thdidan hydrooka M@é@i’s’@r ra\tleafafom B tube. At

the conpl et inqfceEh?ce%‘éQvo@Lﬂ LA 9 -zapehomwas WrkRdr aws fhem the reactor
by means of a dip_ tube. A sanple was prepared with diethyl acetam de 25

(DEAC) aklan |1ﬁiﬂléfjn§lam§9§né1’§lsd W&ﬁ@d\ﬁégmaﬁgpﬁzéﬁleb§e@§§orc off&B8§r aphy. The
sanpl e conpr bsed 98p74UoHVD, Aos&&&ﬁleAws @mépar@a%nat@m nocapronitrile

ACN), 0.3% KM 1% ADN 100% 30
0, 0, A st B LB e gL, Ui Aot copiegion e
t et ramet hyl ammaﬁiyu&dhio@r grisdehpentabgdephy.. IheTeaaplel compraskedr eact or

wer e added 6 3 0 8% ted g?.ﬁAl 03 ,ca y 35Q0.9 water,
90.0 ¢ hexan%tﬁ I° rerﬁle i’ am ne %%DBE@@ o% tét régme%ﬁljll %ETITC‘;D%I am hydr oxi de
pentahyd&%teBgygb(ThﬁH$DN conversion was 100%.

Comparative example B

Batch hydrogenation with Co/alumina in the absence of

20 tetramethylammonium hydroxide pentahydrate

To a 300 cc tank reactor were added 5.9 grams of

0.6% Ru-promoted Co/Al,0; catalyst, 13.0 g water, 90.0
g hexamethylenediamine (HMD) and 60.0g adiponitrile

25 (ADN) . The reactor was purged with nitrogen and
pressure tested for leaks. The reactor was then purged
with hydrogen. After the hydrogen purge,Athe reactor
was pressurized to ~40 psig with hydrogen and heated to
75 °C, while being mechanically stirred at 250 RPM.

30 After reaching reaction temperature, the reactor was
pressurized to 500 psig hydrogen and stirred at 1500
RPM to commence the reaction. The initial hydrogen
uptake rate from a 1-liter reservoir was 2.78 psi/min
(0.019 MPa/min) . After 424 min, a liquid sample was

35 withdrawn from the reactor by means of a dip tube. A
sample was prepared with diethylacetamide (DEAC) as an
internal standard and was analyzed by gas

chromatography. The sample comprised 75.02% HMD, 0.0%
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and 60. Qg adi ponitrile (ADN). The reactor was purged 40 with nitrogen and
pressure tested for |leaks. The - 14 WD 02/096862 PCT/US02/ 16374 reactor
was t hen worogeehset t h hydrogen. After the hydrogen purge, PCRAISOBHGSIDr was
pressurized to -40 psig wth hydrogen and heated to 75 C, while being 5
nmechani cal | y gl h8doabs22@nRPM 1Akt efrrr gaghing of eafid, ORHeAPRr ature, the
reactor was pressurized to 00 psig hydrogen and stirred at 1500 RPM t o
conmence t hEOF¥SEEEBR. WRRe 10ARti al hydrogen uptake rate froma 1-liter
reservoir was 2.76 psi/mn. After 405 mn, a 10 liquid sanple was w t hdrawn
fromthe { eactor by neans of a d|p tube eA sanpl e was prepared with

di et hyl acet am de (DEAC) as an |nterﬁgﬁﬂggaﬁ§ard and was anal yzed by gas
chromat ography. The sanple conprised 78.75% HVD, 0.0% ADN and 0. 0% ACN,

3.94% HM and .6 A1% 62 BEML: 1bhe ADNGRRKEE S YA H1 A% «CRAPELAL Ve
exanpl e B Ba .

t et ramet hyl anmomiin Jp 2 poL 2NMPIDi W BEdRO¥EdRt or wer e
added 5.9 grams of e&%&aﬁ %@t%mﬁé@%@@é@éﬂﬁ&mﬂé &h@ water, 90.0
g hexanethylenedlanlne (HAVD) and 60. adlognltrlle Z5 (ADN). The react or
was purgﬁﬂ Wi th nitrogen and €| eaks. The reactor was
then purged wth hydrogen. After the hydr ogen purge, the reactor was
pressurized to pSI h nd heat ed .t.0 e_bhei ng
echant cally. oti 1 R8aSat O s6 RONSU SRFERr FEREh Agre ol S LeRRRRT: ure,
t he reactor Nas24pﬂes§ummyed~ﬂ00590dpylgehgdtbgeﬂ and wamemedléﬂ 0500 RPM
to commence th T R ydroge ml-liter
5 gdggeﬁahgele h§8N6 LERl by Q& g% EQE%%%eEﬁk%ahhﬁﬁhﬁ

reservoir wa ter urd sanple
was 35 whi hdhmﬁoxﬁém pratpbyeratehy 9r'7réaﬁ§réFYa dMAHPYbe Thi r§éﬁ*}§Pé was

prepared withadi gtibybacetan de+(B586) ad8 PRessure tested for leaks.
The reactor was then purged with hydrogen. After the

hydrogen purge, the reactor was pressurized to ~0.28
MPa (40 psig) with hydrogen and heated to 75°C, while
20 being mechanically stirred at 250 RPM. Upon reaching
the reaction temperature, the reactor was pressurized
to 3.45 MPa (500 psig) hydrogen and stirred at 1500 RPM
to commence the reaction. The initial rate of hydrogen
uptake (through 20% conversion) from a 1l-liter hydrogen
25 reservoir was 0.291 MPa/min (42.2 psi/min). After 35
min, a liguid sample was withdrawn from the reactor by
means of a dip tube. A sample was prepared with N-
methylpyrollidinone as an internal standard and was
analyzed by gas chromatography. The sample comprised
30 17.2% HMD, 57.2% 6-aminocapronitrile (ACN), 0%
hexamethyleneimine (HMI), 0% bis(hexamethylene)triamine

(BEMT) by weight; the ADN conversion was 92%.
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internal standard and was anal yzed by gas chromatography. The sanple
conprised 75.02% HVD, 0.0% - 15 WD 02/096862 PCT/ US02/ 16374 ADN and 0. 0%
ACN, 5.1 wokrasz 7.7 % BHMI; the ADN conversion was 100@ea/Botxanpl e 5
Bat ch hydrogenation of adiponitrile with Raney(r) Ni 2400 in the presence
of tetranethylamoni um hydroxi de pentahydrate to form 6-am nocapronitrile
and 10 hexanet hyl enediam ne To a 300-cc_tank reactor were added 8.01g of
Raney N 2400 slurry (-4.0 g dry W&"E@Eilﬁ)lr_io g water, 150.0 ¢
adiponitrile (ADN), and 0.31 g of tetramethyl ammoni um 15 hydr oxi de
pent ahydrat e, t . C . _pur.g i rogen and
pressure 1est &8 oo = S j sgen.

After the hyéHOQemnpmh@epreh;emceaotforte\ts/asmqertéryé@mw@dmhy@lxmldlm?a (40
psig) wth hydr ogeg% %F—%Egﬁﬂﬁg to, 7§&m%&1§§m§9h;§§éﬂ&dg§@§ﬁ£" cally stirred
at 250 RPM Upon r tor was
pressurized to 3.45 MPa (500 psig) hydrogen and stirred at 1500 RPM to

comence the reacty08. ﬂifoeclcn Er'e%'sut’r%t %egf:tb)}fd%%nadkﬂléﬁa&e olghicgugh 20%
conver si on) froma 1 liter SllYlarogen 25 reservoir 291 MPa/mn (42.2

psi / m n)10 Af RepeysNin2f 00, gvd (sdnPPe sw\ﬁlﬁﬁ’\é\?ﬁa\/\ﬁ -POSGM"EEreact or by
means of a dip.obobei,A- S;&ﬁgh%dW&&tﬁﬁQ@ar(e@Nw BhdNo . r_r@t_:,h)blfpyrol | i di none as

an internal st ndar d_was zed as c gr hy. The_sanple
conpri sed 30% %Eaguf@?ﬁ}ug’ ﬁé’é{ég%o%e{lﬁa %g purity
hexanet hyl ené[FMAH@ (HMThe @¢ebitsihexranpulrgledn®)ithi amtm@ge(nBlaMﬁ) by wei ght;
t he ADN conv i 9 6 02/ 8 (U 4 le 6 5
Bat ch hydroggr%%hg({)lrrlyg?e%%tégn-ef %nﬁt\ré? e vmg'?l% % gg;/ %I%Ig i pu%lap

15 “with hydrogen. After the hydrogen purge, the reactor

was pressurized to 2.76 MPa (400 psig) and heated to
75°C, while being mechanically stirred at 700 rpm. The
initial rate of hydrogen uptake (through 20%
conversion) from a 1l-liter reservoir was 0.014 MPa/min
20 (2.0 psi/min). After 120 min the reaction had consumed
1.72 MPa (249 psig) of hydrogen from the reservoir.
After 330 min a liquid sample was withdrawn from the
reactor by means of a dip tube. An analytical sample
was prepared by dilution in ethanol and analyzed by gas
25 chromatography. The sample comprised 96.6%

octamethylenediamine. The ODN conversion was 100%.

Comparative Example C

30 Batch hydrogenation of octanedinitrile with Raney® Ni

2400 in the absence of tetramethylammonium hydroxide

pentahydrate to form octamethylenediamine.

To a 100-cc pressure reactor were added 2.00g of

35 Raney Ni 2400 slurry (~1.0g dry weight), 2.50g water,

and 30.02g 1,8-octanedinitrile (ODN). The reactor was
purged with nitrogen and pressure tested for leaks.

The reactor was then purged with hydrogen. After the

hydrogen purge, the reactor was pressurized to 2.76 MPa
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2400 in the presence of tetranethyl ammoni um hydroxi de pentahydrate to form
oct anet hyl enedi am ne. To a 100-cc pressure reactor were added 2.01g of 10
Raney NI WO®/0%dsezry (-1.0g dry weight), 2.50g water, 30P0Z(IS02/16374
1,8-octanedinitrile (CDN) and 0.10g of tetranethyl amoni um hydroxi de

pent ahydrate, 4%?)‘y<bgli@)t3énd( AR tB"@S"’@aC%HElWa%e@H gpdcwhhhcghtyogen and
pressure tested for  'eaks. The reactor was then 15 with hydrogen.

After the hydtag&rpdtgd 0% FEM-eadtsr re\%‘é"—lr?rf’es"%atﬂ% d%%lmﬁéi MPa (400
psig) and heat.ad2t orpa7S@2 Wik ka ngrarechanifaald yw stilrited at 700 rpm  The
initial te_of dr.o en ta t.hr qu % LYversi-on froma 1-liter
reser voi rgwageoc’e(%’ é% %‘ ﬁm Kfat e Cfﬂgb) r}ot“hgﬁlr eaction
had consunmeddownz?2 W&e(l’zmopmlgl) t(.’mfe hcmmgem fradhadrsureskerordivr . After
330 min a liguig I hdr, t Heans of a dip
tube. An anaﬁytlca?’fﬂg\ 9(3%6%3%6%) e%%nf dl%?yltiaﬁ:lhue[?%ﬁacﬁl o(g%lhanol and

anal yzed by §asrpschr Mtl@glrlﬁpwmwﬁemlé@mm Fepmodhey,

oct anet hyl enedizaide atThe iGDNLRY @S NS F10%i p @Qmaaar atyrve Exanple C
30 Bat ch hydrog natlon of o anedinitrile W|th ne 400 .in the
absence bY  t BOPAMELI RETE EmHRFd PEHERFE P ﬁ?ﬂ«%@ nol

oct anet hyl ened:idfimnlaeyz'lé@l &yl@&scezhﬁro&ma:rge:arpe@ct orrhmr@m@di@d 2.00g of 35
Raney N 2400 sl ur.r Q t o and 30.02¢g

1, 8- oct anedi N tEM g%(jOaN)z/g rmeaé]t ge)nedzlamlurege v%thB“nl trogen and
pressure t estaednfomctla@amtrrme arga®lord Wds -rert gnedged twiitle .hydr ogen.
After the hydrogen purge, the reactor was pressurized to 2.76 MPa - 17 WD
02/ 096862 PCT/ US02/ 16374 (400 psig) and heated to 75C, while being
mechanically stirred at 700 rpm The reaction rapidly consuned 0.152 MPa
(22 psig) of hydrogen froma 1-liter 5 reservoir within 15 mn and then
drastically sl owed
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down. After 120 mn the reaction had consunmed only 0.228 MPa (33 psigQ);
essentially the reaction had stopped. Aliquid sanple was w thdrawn from

t he reacworozaesthi s poi nt by means of a dip tube. An 10 @&calusbr/osl4 sanpl e
was prepared by dilution in ethanol and analyzed by gas chronmatography.
The sanple conprised 2.2% octanet hyl enedi am ne, 6.0% 8- am nooctanenitrile
and 91.4% 1, 8-octanedinitrile. - 18 WD 02/096862 PCT/ US02/ 16374 WHAT IS
CLAI MED: 5 1§EﬁZpE§eS§§EﬂEPiconverting dinitriles to diam nes and/or
amnonitriles, conprising formng a reaction mxture that conprises (1) a

dinitrile; (2) hydrogen; (3)_a catalyst c i _Si. a,Gaoup Vil el enent;
and (4) eBone%cir n%rg%ﬁﬁﬁfﬁi29§ Egpggfé&nﬁr§ﬁllﬁglggguEooglfglggﬁpounds
consi sting obndderermanynatmoiesm kpupoisdey, foguangr rargagiion um

cyani des, AUBLSENRLY ATRDRLHA, ;LLUONLJes, qquakennary Bhosphopbum;
hydr oxi des, an quaternary ammoni um thi ocyani des; 'said reaction m xture
contai ning | d3¢ ehaatalyst gemaripangoaocfrevPy¥ALl eism@hérePAdt Hé)process

is carried odheabramphessibue rakes benperabureoiuthieciyeblipt @fconvert at

| east a portion of the dinitrile to a diamne and optionally a

ar noni 119 | ¢ COTgORNAh EOPRIEEL B0 PE HARHE E DAY STROPRE™ CHEEPALARS i s 50
to 150 C, ?nﬁubherhatgiammem&umecysnaﬁeun JueEetraargbauinoh@Quad MPa (300 to
1500 psig ). 3. . Th rocess of _claim?2 er.ein.the catalyst _i.s 25 sponge
nokel 9 rhduatogs SReE ety PR R AP ARBRL 5 Lac or mar y
amoni um hydookricgeneosypemmeénild® Bhithyapridesss sefidckapmitd onhaviaicnrehe

mdifier 1S 2ontelnans! helamimakum Bugr aghde. (G ithBPLOGERRLOr claim S
wherein the tenperature is to 90 C, .and the total pressure is about
1.38 to 15 wherein the process is carried out at a pressure and
temperature sufficient to convert at least a portion of
the dinitrile to a diamine and optionally an

aminonitrile.

20 2. The process of claim 1 wherein the temperature is
50 to 150 °C, and the total pressure is about 2.07 to
about 10.34 MPa (300 to 1500 psig ).

3. The process of claim 2 wherein the catalyst is

25 sponge nickel.

4. The process of claim 3 wherein the modifier is a

guaternary ammonium hydroxide compound.

30 5. The process of claim 4 wherein the modifier is a

tetramethylammonium hydroxide.

6. The process of claim 5 wherein the temperature is
70 to 90 °C, and the total pressure is about 1.38 to
35 about 6.89 MPa (200 to 1000 psig).

7.  The process of claim 6 wherein the modifier is
selected from the group consisting of

tetramethylammonium hydroxide, tetraethylammonium
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35 about 6.89 MPa (200 to 1000 psig). 7. The process of claim®6 wherein the
nodifier is selected fromthe group consisting of tetranethylamoni um
hydr oxi dewoteenes@er hyl anmoni um - 19 WO 02/ 096862 PCT/ US02/p,teaR42/14394r oxi de,
t et r apr opyl anmoni um hydr oxi de, tetrabutyl anmoni um hydr oxi de and

tetrabutyl phesphani;um, _tgyégl&%g)ilq)% 1RAnfonite BLRAeesS f, claim7 wherein the
e 6 modif

weight ratio of dinitri ler 1s I1n"the range_of about 1:5000 to

about 1:50. @tyabrtydlsreenivgy hysresidengrd fiets YHETRSRIORE4™ and/ or
am noni tril esydeerpdesi ng contacting a Goup VIl el enent-containing
hydr ogenaéi on catalyst with a nodifier selected fromthe group of
conpounds™ consi sting of quaternary ammoni um hydroxi des, 15 quaternary
ammoni um cyami.des Thguatrerceasy odmadriiom?7 fheoeiicte $hequatightamatplosEhoni um
hydr oxi des, : et.na j i anj f.erm.a medi~f4 ed

cat al yst; angﬂgc%}:%l‘{%tge %%r %&a%@mﬂﬁ E&e%?%a?acg%p%%sggou 1)1%%8i0ni trile;
(2) hydrogento( 3ponisditf:5€d catal yst; 20 and optionally (4) one or nore
nodi fiers selected from the group of conpounds consisting of quaternary
ammoni um hydr oxi des, quaternary ammoni um cyani des, quaternary anmmoni um
f1uori dek? qdat er RaPFOFRESPAGH GRNVRY R dé81tadd efude AN T&Fmoni um

t hi ocyani desangidiogt 2miheattiran o, Xcehpra@ingi riond alceisdt kaeraup 1 nol ar

ratio of so t; .wherein the .pr.ocess js carri.ed ou t ressure and
t enper at ur e &\t{}&&l ELERETTS OB G ngt?‘lyélé?@engtdé’rnt ic(ﬂt‘fagfyst%hé’g&?lniatri le to a
di am ne and optiidiakl pelactad Moont tihkee grddploef Toempouadess of claim9

ghggeig the E%ggggﬁgﬂbeoksqqueE%a£§oaﬁmo%ﬁ%ﬂ$%%d&%&ﬂhe%ﬂessure I's about

15 quaternary ammonium cyanides, guaternary ammonium
fluorides, quaternary phosphonium hydroxides, and
quaternary ammonium thiocyanides to form a modified
catalyst; and forming a reaction mixture that comprises
(1) a dinitrile; (2) hydrogen; (3) modified catalyst;

20 and optionally (4) one or more modifiers selected from
the group of compounds consisting of quaternary
ammonium hydroxides, quaternary ammonium cyanides,
guaternary ammonium fluorides, quaternary phosphonium
hydroxides, and quaternary ammonium thiocyanides; said

25 reaction mixture containing less than a 1:1 molar ratio
of solvent; wherein the process is carried out at a
pressure and temperature sufficient to convert at least
a portion of the dinitrile to a diamine and optionally
an aminonitrile.

30
10. The process of claim 9 wherein the temperature is
50 to 150 °C, and the total pressure is about 2.07 to
about 10.34 MPa (300 to 1500 psig ).

35 11. The process of claim 10 wherein the catalyst is

sponge nickel.

12. The process of claim 11 wherein the modifier is a

quaternary ammonium hydroxide compound.
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about 10.34 MPa (300 to 1500 psig ). 35 11. The process of claim 10 wherein
the catalyst is sponge nickel. 12. The process of claim 11l wherein the
nodi fi er wWe 0a/09a36at er nary ammoni um hydr oxi de conpound. - 20T/0802/3/096862
PCT/ US02/ 16374 13. The process of claim 12 wherein the nodifier is a

t et ramet hyl ammoni um hydroxi de. 5 14. The process of claim 13 wherein the

tenperature ] 70 to 90 C, and the, total pressurg is about 1.38 to about
585 Npa (206 1 0 RO 0o ks oy SRec e Gt FEP Ry ARSHiiEs ef n ¢ ho
nodi fier is teetacttgdy faomn hen grypdpoxodsi sting of tetramet hyl ammoni um
hydr oxi dg, tetraethyl amoni um hydroxide, tetrapropyl amroni um hydroxi de,

t et rabut yl ammoni um hydr oxi de and tetrabutyl phosphoni um 15 hydroxide. 16.
The process - clHienaB akrs dh ¢heimel Jhtherein the demperatere olsmodifier

is in the rapgecofo@beut anli 30Q0 R APPH kB is Zbout 1.38 to
about 6.89 MPa (200 to 1000 psig).

10 15. The procesgs of claim 14 wherein the modifier is
gselected from the group consisting of
tetramethylammonium hydroxide, tetraethylammonium
hydroxide, tetrapropylammonium hydroxide,
tetrabutylammonium hydroxide and tetrabutylphosphonium

15 hydroxide.

16. The process of claim 15 wherein the weight ratio

of dinitrile to modifier is in the range of about
1:5000 to about 1:50.

- 231 -



